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© Zinc-alkaline batteries. 



© The present invention provides a zinc-alkaline battery giving no environmental pollution and having an 
excellent shelf stability, which comprises a zinc alloy as an anode active material and an aqueous alkaline 
solution as an electrolyte, and manganese dioxide, silver oxide and oxygen as cathode active materials, the 
^ anode constituting the battery together with the cathode and the alkaline electrolyte being in a gel form and 
^ containing 0.001 to 0.1 wt% based on the weight of the zinc alloy of a surfactant as an organic inhibitor 
represented by the formula of 

O 

S3 0<)-C n F 2n -(Y)-(CH 2 CH 2 0) m -(Z) 

2 wherein X is -H or -F, Y is -C2H*-0-CH 2 CH(OH)-CH 2 0-, Z is -CH 3 , -P0 3 W 2 or -SO3W, wherein W is an alkali 
lf> metal, n is 4 to 14 and m is 20 to 100, and the zinc alloy consisting of 0.01 to 1 wt% of indium, 0.005 to 0.5 wt% 
of one or more of lead and bismuth and the balance of zinc. 
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BACKGROUND OF THE INVENTION 

The present invention relates to mercury-tree zinc-alkaline batteries comprising zinc as an anode active 
material an aqueous alkaline solution as an electrolyte, manganese dioxide as a cathode active material, 
silver oxide, oxygen, etc., which batteries have no adverse effect on environment and have an excellent 
shelf stability and discharge property. 

DESCRIPTION OF RELATED ART 

There has been a strong fear of environmental pollution due to mercury from used batteries for about 
ten years. Researches have been made on the reduction of the mercury content of alkaKne batteries. As a 
result of the researches, corrosion resistant zinc alloys have been developed, which can reduce the 
mercury content of the aikaline batteries down to 250 ppm based on the weight of the batteries. However 
as exemplified by a fear of the ozone layer destruction by chlorofluorocarbon gases, there is now the fear of 
world-wide environmental destruction by industrial products. Therefore, alkaline batteries completely free of 

mercury has still been demanded. . „ 

Efforts have been made to reduce the mercury content of alkaline batteries since alkaline battenes 
containing mercury added thereto were developed. Many patents and literatures have 
published in which various material such as zinc alloys, inorganic inhib.tors and organic 
disclosed. Elements such as indium, lead and cadmium are known as a high hydrogen-overvottage additve 
material for the anodes of secondary batteries as well as primary batteries. There are published many 
patent applications and literatures regarding methods of using these elements as alloying additives and 
methods of using the compounds of these elements as inorganic inhibitors. . 

For example. U.S. Patent No. 4,735.876 discloses a method of using the elements as the alloying 
additives; Japanese Patent KOKOKU (Post-Exam. Publn.) No. Sho 51-36450 Japanese Patent KOKAI (Lad- 
Open) No. Sho 49-93831 and Japanese Patent KOKAI (Laid-Open) No. Sho 49-112125 disc los e methods °f 
adding indium oxide and indium hydroxide as the inorganic inhibitor; and Japanese Patent KOKAI (Lad- 
Open) No. Hei 1-105466 discloses a method of adding a mixture of indium ox.de and cadmium oxide. 
Furthermore, Japanese Patent KOKAI (Laid-Open) Nos. Sho 61-96666 and 61-101955 d.sclose adding these 
elements as additives to the anodes of secondary batteries. ^, m „ ra 
As the organic inhibitors, for example, U.S. Patent No. 3,847,669 proposes ethylene ox.de^ Furthermore, 
US Patent No. 4,195,120 discloses organic phosphate esters of the ethylene ox.de-adduct type, and U S. 
Patent No. 4.606,984 discloses perforate organic compounds of the ethoxylated fluoro alcoho *P<^ * e 
mixed additive of inorganic inhibitor and organic inhibitor, for example, Japanese Patent KOKAI (La'd-Open) 
No. Hei 2-79367 proposes a mixture of indium hydroxide and perfluorate organic compounds of the 

ethoxylated fluoro alcohol type. .. 

In a battery using pure zinc as the anode active material in the absence of mercury, corrosion reaction 
violently occurs with hydrogen being generated by zinc, whereby the inside pressure of battery is increased 
to expel the electrolyte outside the battery. Thus, there is a problem of electrolyte-leak. 

In a partially-discharged battery, the hydrogen-generating rate at the zinc anode is accelerated, thereby 
further reducing the resistance to electrolyte-leak. This problem is caused by the removal of mercury wh,ch 
inhibits the corrosion reaction by raising the hydrogen overvoltage on the surface of zinc 

Even when a battery is made from a corrosion-resistant zinc alloy containing .nd.um. alum.num and 
lead, which has been proved to render a mercury content-reduced zinc anode resistant to corrosion, wrfhout 
mercury, the electrolyte-leak resistance of the battery cannot be secured after partial discharging Further- 
more even a battery made from a gel anode using a pure zinc powder as the anode active matenal and 
containing commercially available indium oxide and indium hydroxide added thereto, cannot have a 
practical electrolyte-leak resistance like the above-mentioned battery made from the corrosion resistant 

so a "° y Even when an amine type surfactant, which is known as a material for reducing the mercury content, is 
added as an organic inhibitor to a battery made from a gel anode using as the anode active matenal an 
indium, aluminum and lead-containing, corrosion-resistant zinc alloy, the electrolyte-leak resistance of the 

battery cannot be secured. . ^ 

Moreover, even when a battery is made from a gel anode using a pure zinc powder as the anode active 
55 material to which a perfluorate organic compound of the ethoxylated fluoro alcohol type ,s added, the 

electrolyte-leak resistance of the battery cannot be secured after partial discharging. 

As mentioned above, the current series of the batteries are not complete in mhib.ting the corrosion and 

hence impractical at least in closed type ones. 



35 



40 



45 



BNSDOCID' <EP 0510239A1_I_> 



EP 0 510 239 A1 

In making it possible to realize mercury-free alkaline batteries, the present inventors have studied on 
the most effective materials of the corrosion resistant zinc alloys and organic inhibitors, respectively, and 
the optimum added state and amounts of the materials. 

5 SUMMARY OF THE INVENTION 

The primary object of the present invention is to provide zinc-alkaline batteries having no adverse effect 
on environment and having an excellent shelf stability and discharge property. 

io BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a half cross-sectional view of an alkaline manganese battery in an example of the present 
invention. 

76 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The anode of the batteries according to the present invention is comprised of a corrosion-resistant zinc 
alloy and an alkaline electrolyte containing 0.001 to 0.1 wt% based on the zinc alloy of a surfactant suitable 
as an inhibitor having the formula of 



20 



(X)-C a F 2n -(Y)-(CH 2 CH 2 0) m -(Z) 



wherein X is -H or -F, Y is -C2H4-0-CH 2 CH(0H)-CH 2 0-, Z is -CH 3 , -P0 3 W 2 or -S0 3 W, wherein W is an 
alkali metal, n is from 4 to 14, and m is from 20 to 100. The corrosion-resistant zinc alloy is made of a 

25 corrosion-resistant zinc alloy powder comprising a proper combination of indium, lead, bismuth, lithium, 
calcium and aluminum in proper amounts. Preferably, the zinc alloy contains 0.01-1 wt% of indium and 
0.005-0.5 wt% in total of one or more of lead and bismuth, or 0.01-1 wt% of indium. 0.005-0.5 wt% of one 
or more of lead and bismuth and 0.005-0.2 wt% in total of one or more of lithium, calcium and aluminum. 
As is seen from the foregoing, the present inventors have made intensive studies and found the organic 

30 inhibitors, corrosion-resistant zinc alloys and combinations and amounts thereof which can exhibit the 
optimum advantages. The mechanisms for achieving the optimum advantages are now unclear but they are 
inferable as follows. 

When the surfactant is present in the alkaline electrolyte together with the zinc alloy, it is chemically 
adsorbed on the surface of the zinc alloy through the metal soap principle to form a hydrophobic 

35 monomolecular layer which exhibits the corrosion-inhibiting effect. 

From the viewpoint of a molecular structure, the surfactant having polyethylene oxide at the hydrophilic 
portion thereof is highly soluble in a micell form in the alkaline electrolyte. Therefore, the surfactant rapidly 
transfers to and is immediately adsorbed on the surface of the zinc alloy, when it is charged into the 
electrolyte. This means that the surfactant provides a high corrosion resistance to the zinc alloy. The 

40 greater the polymerization degree of the polyethylene oxide, the higher the solubility of the surfactant. 
When the surfactant has a highly hydrophobic fluoroalkyl group, the polymerization degree is desirably 20 
or more. Furthermore, when the terminal of the polyethylene oxide is hydroxyl group or the oxide is in an 
alcohol form, the surfactant is susceptible to the hydrolysis. Therefore, the terminal group is preferably 
methyl group, sulfone group or phosphate group which is highly resistant to alkalis. If the oleophilic portion 

45 of the surfactant has a fluoroalkyl group, the group effectively prevents receiving and donating of electrons 
which causes the corrosion reaction, when the group is adsorbed on the surface of the zinc alloy. This is 
because the group is highly electrically insulating. The bond between the hydrophilic group and the 
oleophilic group preferably has a hydrophilic ether bond and hydroxyl group, rather than the water-repelling 
alkyl group, because the ether bond and hydroxyl group bond more easily to the zinc alloy, so that the 

so surfactant provides higher corrosion resistance. 

Of the additive elements in the zinc alloy, indium, lead and bismuth themselves have a high hydrogen 
overvoltage and hence raise the hydrogen overvoltage of the surface of the zinc alloy when added to the 
zinc alloy. The function of the elements raising the hydrogen overvoltage is maintained even when a fresh 
surface of the zinc alloy appears during the discharging, if the elements are uniformly dispersed in the body 

55 of the zinc alloy. Furthermore, lithium, aluminum and calcium have a function of sphering zinc grains to 
reduce the true specific surface area of the zinc grains so that the amount of the zinc alloy corroded per 
unit weight is decreased. 

The advantages by the combination of the organic inhibitor and the zinc alloy will be explained below. 
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The surfactant is required to be chemically adsorbed smoothly and uniformly on the surface of the zinc 
Uoy S^S" drogen is vio.ently generated on the surface of a zinc a..oy having ajo. 
the chemical adsorption of the surfactant is prevented to prov.de an uneven adsorbed film. j^er. the 
aeneration of hydrogen is inhibited on the surface of a zinc alloy having a good corros.on res.stance so that 
rche^ca adsofpL of the surfactant takes place smoothly and uniformly to form an -en adsorbed 
fSm Tnus^he advantages by the combination of the surfactant and the zinc alloy can be obtained. These 
advantages can be obtained even after the discharging. ^ nr , anB , a 
The process for making the corrosion-resistant zinc alloy, the structure of an LR 6 alkal.ne manganese 
battery and the method of evaluating the resistance to electrolyte leak will be descnbed I below. 

The corrosion-resistant zinc a.loy powder is made by a so-called atomiz.ng method ,n , which z no of 
99 97% in purity is molten, predetermined additive elements are added ,n predeterm.ned amounts to tte 
S^e melt t rendered uniform and then the melt is atomized by compressed air. The resulting parfc.es 
~ res r iA«i<?ifipd to be within the range of 45-150 mesh. 

TSf zinc anS Til prepared"* such a manner as described below. To a 40% potass.um hydroxide 
aqueous solution (also containing 3 wt% of ZnO) are added 3 wt% of sodium polyacry.ate and 1 wt% of 
ctbTymet Toe Lose to form a ge.-.ike electrolyte. To the gel-like electrolyte is added a P**"™"* 
amount Tf a surfactant under stirring. The electrolyte is then aged for 2-3 hours. Then the z.nc aHoy powder 
fs mixed wHh the aged gel-like electrolyte in such a weight ratio that the amount of the former is two tomes 

^TKSS^W*. - B alkaline manganese battery used In the example of the 
oresent invention In this figure, reference number 1 denotes a cathode compound, 2 a gel-like anode 
feTrina the Resent invention. 3 a separator. 4 a current collector of the gel-like anode. 5 a cathode 
tenSafcap 6 a mltal case. 1 an outs'ide housing of the battery. 8 a polyethylene-made resin plug for 
rlnsina the opening of the case 6. and 9 a bottom plate forming the anode terminal. 
25 in tiTe mS I of evaluating the resistance to electrolyte leak. 100 of the LR 6 alkal.ne manganese 
battles havfng me sSre as shown in Fig. 1 were subjected to the partial discharging a a constant 
cunTnt of K A and a discharging voltage of 0.75 V which are severe to the LR 6 battery until 20% of the 
uncharge capac^ of me batteries was discharged, and the number of the leaked battenes after storage a t 
60^C wl eTSed as the leak index (%). If the leak index is zero (0) % after storage at 60 C for 30 days 
30 under The ivere Snditions, the battenes are practically usable. However, the leak index represent the 
reliability of battery should be kept zero as long as possible. 

The present invention will be illustrated below with reference to some examples. 
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EXAMPLE 1 

The proper amount of the surfactant added when the zinc alloy and the surfactant are combined will be 

^^TZTese** of various additive elements with changed amounts thereof it has been 
found that zmc a°, oys containing one or more of indium, lead, bismuth, lithium, calc.um and aluminum are 

40 ^Battes made with the various zinc alloys and the changed amounts of the surfactants having the 
formula of 

(X)-C„F 2n -(Y)-(CH 2 CH 2 0) m -(Z) 

wherein X was -F, Y was ^H.-O-C^CH^HhCHaO-, Z was -CH 3 , n was 9 and m was 60, were subjected 
to the leak test by storage at 60 • C for 30 days. The results are shown in Table 1 . 
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From Table 1, it is seen that the use of the zinc alloys alone can secure no practical leak resistance 
55 even if the alloys have an excellent corrosion resistance, and further that no leak resistance can be secured 
even if the surfactant is combined with pure zinc. On the other hand, it is clear that the combination of the 
zinc alloy having an excellent corrosion resistance and the surfactant in an appropriate ratio can secure the 
leak resistance. 
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EXAMPLE 2 

0.01 wt% of surfactants based on the weight of various zinc alloys were used. The surfactants had the 
formula of 

5 

(X)-C n F 2n -(Y)-(CH 2 CH 2 0) m -(Z) 

wherein X was -H Y was -C2H 4 -0-CH 2 CH(OH)-CH 2 0., Z was -CH 3 , n was 9 and the polymerization degree 
^ Batteries using these various zinc alloys and the surfactants were 

w subjected to the leak test by storage at 60 • C for 30 days. The results are shown in Table 2. 
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From Table 2, it is seen that the polymerization degree m of ethylene oxide of the surfactants is 
55 preferred to be 20 or more for the various zinc alloys. The same results were obtained with X being -F and 
2 being -PO3W2 or -SOsW, wherein W was an alkali metal. The leak test was not conducted with the 
polymerization degree m of 100 or more, because the surfactants were hardly synthesized with such 
polymerization degree. 
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EXAMPLE 3 

The amount of surfactants added to various zinc alloys was set to 0.01 wt%. The surfactants had the 
formula of 

5 

(X)-C n F 2n -(Y)-(CH 2 CH 2 0)m-(Z) 

wherein X was -H, Y was -C^H4 0-CH 2 CH(OH)-CH 2 0-, Z was -CH 3 and m was 60, and the number n of the 
fluorinated carbons varied. Batteries using the zinc alloys and the surfactants were subjected to the leak test 
70 by storage at 60 ° C for 30 days. The results are shown in Table 3. 
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From Table 3 it is seen that the number of the fluorinated carbons is preferred to be 4 or more. The 
55 same results were obtained with Z being -PO3W2 or -S0 3 W, wherein W was an alkali metal. The leak test 
was not conducted with the fluorinated carbon number of 15 or more, because the surfactants were hardly 
synthesized with such fluorinated carbon number. 
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EXAMPLE 4 

0.01 wt% of the surfactants were used with the various zinc alloys. The surfactants had the formula of 

5 (X)-C n F 2n -(Y)-(CH 2 CH 2 0) m -(Z) 

wherein X was -H and Z was -CH 3 , n was 9 and m was 60, and bonding group Y was changed to -CH 2 CH 2 - 
, -S0 2 NH-or -C 2 H4-0-CH 2 -CH(OH)-CH 2 0-. Batteries using the surfactants and the zinc alloys were sub- 
jected to the leak test by storage at 60° C for 45 days. The results are shown in Table 4. 
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From Table 4 it is seen that bonding group Y is preferably -C2H*-0-CH 2 -CH(OH)-CH20-. The same 
55 results were obtained with X being F and Z being -PO3W2 or -SO3W, wherein W was an alkali metal. 

EXAMPLE 5 
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0.01 wt% of surfactants based on the weight of various zinc alloys were used. The surfactants had the 
formula of 

W-C n F 2n -(YMCH 2 CH 2 0) m -(Z) 

wherein X was -H, Y was -C2H4-0-CH2-CH(OH)-CH 2 0-, n was 9 and m was 60, and terminal group Z was 
changed to -H, -CH 3 , -PO3W2J or -SO3W, wherein W was an alkali metal. Batteries using these surfactants 
were subjected to the leak text by storage at 60 0 C for 30 days. The results are shown in Table 5. 
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55 



From Table 5 it is seen that the terminal group Z is preferably -CH 3 , -PO3W2 or -S03W, wherein W is 
an alkali metal. 

EXAMPLE 6 

In this example, the limited compositions of corrosion-resistant zinc alloys are explained. The amount of 
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the surfactant added to the zinc alloys as shown in Table 6 was set to 0.01 wt%. Batteries made from the 
surfactants and the various zinc alloys with the amounts of the additive elements changed were subjected 
to the leak test by storage at 60 * C for 30 days. The results are shown in Table 6. 
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From Table 6 it is seen that the amount of the additive element added to the zinc alloy ranges 
55 preferably from 0.01 to 1 wt% for indium, from 0.005 to 0.5 wt% for lead and bismuth singly or in 
combination and from 0.005 to 0.2 wt% for calcium and aluminum singly or in combination. 
The surfactant used in this example was the same as used in EXAMPLE 1. 
The same results were obtained with lithium in place of aluminum. 
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The phosphate surfactants may be a mixture of a primary phosphate and a secondary phosphate. 
Claims 

5 1- A zinc-alkaline battery which comprises a zinc alloy and an alkaline electrolyte containing 0.001 to 0.1 
wt% based on the weight of said zinc alloy of a surfactant represented by the formula of 

(X)-C n F 2n -(Y)-(CH 2 CH 2 0)m-(Z) 

10 wherein X is -H or -F, Y is -C^H 4 -0-CH 2 CH(OH)-Ch2 0-, Z is -CH 3 , -P0 3 W 2 or -S0 3 W, wherein W is an 

alkali metal, n is 4 to 14 and m is 20 to 100. 

2. A zinc-alkaline battery according to claim 1 , wherein the zinc alloy contains about 0.005 to about 1 wt% 
of one or more of indium, lead, bismuth, lithium, calcium and aluminum. 

75 

3- A zinc-alkaline battery according to claim 2, wherein the zinc alloy contains 0.01 to 1 wt% of indium 
and 0.005 to 0.5 wt% of one or more of lead and bismuth. 

4. A zinc-alkaline battery according to claim 2, wherein the zinc alloy contains 0.01 to 1 wt% of indium, 
20 0.005 to 0.5 wt% of one or more of lead and bismuth and 0.005 to 0.2 wt% of one or more of lithium, 

calcium and aluminum. 

5. A zinc-alkaline battery which comprises a zinc alloy and an alkaline electrolyte, said zinc alloy 
consisting of 0.01 to 1 wt% of indium, 0.005 to 0.5 wt% of one or more of lead and bismuth and the 

25 balance of zinc and said electrolyte containing 0.001 to 0.1 wt% based on the weight of said zinc alloy 
of a surfactant represented by the formula of 

30 wherein X is -H or -F, Y is -C 2 H 4 -0-CH 2 CH(OH)-CH 2 0-, Z is -CH 3 , -P0 3 W 2 or -S0 3 W, wherein W is an 
alkali metal, n is 4 to 14 and m is 20 to 100. 

6. A zinc-alkaline battery which comprises a zinc alloy and an alkaline electrolyte, said zinc alloy 
containing 0.01 to 1 wt% of indium, 0.005 to 0.5 wt% of one or more of lead and bismuth and 0.005 to 

35 0.2 wt% of one or more of lithium, calcium and aluminum and said electrolyte containing 0.001 to 0.1 
wt% based on the weight of said zinc alloy of a surfactant represented by the formula of 

(X)-C n F 2n -(Y)-(CH 2 CH 2 0) m -{Z) 

40 wherein X is -H or -F, Y is -C^H4-0-CH 2 CH(OH)-CH 2 0-, Z is -CH 3 , -P0 3 W 2 or -S0 3 W, wherein W is an 

alkali metal, n is 4 to 14 and m is 20 to 100. 
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